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(54) A semiconductor laser device and method for fabrication thereof 



(57) The present invention relates to a semiconduc- 
tor laser device and a method for fabrication thereof, 
wherein the semiconductor laser device exhibits an im- 
proved mode selectivety. According to the present in- 
vention there is provided a semiconductor laser device 
comprising a first and a second reflecting region (3,5), 
said first reflecting region being comprising a Bragg mir- 
ror (3) with alternating parallel layers having different re- 
fractive index, respectively, said first and second reflect- 
ing regions being adjacent to a laser active semiconduc- 
tor region (1) for emitting radiation of a predetermined 
wavelength and defining a longitudinal laser cavity, ex- 
citing means for exiting said laser active semiconductor 
region causing emission of radiation, wherein said first 
reflecting region (3) further comprises a contact layer 



(2) on top thereof, and one additional layer (4) on top of 
said contact layer (2) covering only a portion of said con- 
tact layer, wherein an arrangement of said alternating 
layers forming said Bragg mirror, an optical thickness of 
said layer, and a reflectivity and an absorption of said 
additional layer is selected so as to reduce reflectivity 
of said reflecting region in said portion of said contact 
layer covered by said additional layer, resulting in a 
smaller reflectivity compared to a portion of said contact 
layer, which is not covered by said additional layer. 
Moreover, a method is provided in order to fabricate the 
above mentioned semiconductor laser device, wherein 
a step of calculation is performed to predict an optimised 
optical thickness of the contact layer and an optimised 
composition and thickness of the metallization layer to 
obtain a desired difference in reflectivity. 
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Description 

[0001 ] The present invention relates to a semiconduc- 
tor laser device and a method for fabrication thereof, 
wherein the semiconductor laser device comprises a 
first and a second reflecting region, said first reflecting 
region being formed of a Bragg-mirror comprising alter- 
nating parallel layers having different refractive index* 
respectively, said first and second reflecting regions be- 
ing adjacent to a laser active semiconductor region for 
emitting radiation of a predetermined wavelength and 
defining a longitudinal laser cavity, and exciting means 
for exciting said laser active semiconductor region to 
cause emission of radiation. 

[0002] Semiconductor laser devices are steadily gain- 
ing in importance in a plurality of industrial applications. 
In particular, in the fields of gas spectroscopy, coupling 
of laser light into optical fibers, and in communication 
systems where a high transmission rate is required, 
semiconductor laser devices with high spectral purity, i. 
e. with single mode output radiation in the longitudinal 
as well as the transverse directions, are highly desira- 
ble. The type of surface-emitting laser devices having a 
vertical cavity (VCSEL) especially represents an impor- 
tant development, since the possibility of manufacturing 
a large plurality of such laser devices on a single semi- 
conductor wafer in combination with control and drive 
circuitries for each single laser provides a laser device 
with high efficiency and low power consumption in con- 
junction with low manufacturing costs. Due to the small 
longitudinal extension of the laser-active region of a VC- 
SEL (some hundreds of nanometer), the longitudinal ra- 
diation mode is a single mode one. The short longitudi- 
nal extension of the active region, in turn, requires highly 
reflective boundaries of the cavity or resonator mirrors 
in order to exceed the laser threshold. These highly re- 
flective cavity boundaries are generated in that alternat- 
ing semiconductor layers having a different index of re- 
fraction are formed with a thickness of a quarter-wave- 
length of the desired laser radiation. Such a stack of sub- 
sequent semiconductor layers having a different refrac- 
tive index from one layer to an adjacent layer is known 
as a Bragg mirror. The reflectivity of such a Bragg mirror 
can achieve 99.9% and more depending on the number 
of pairs of alternating layers with a different refractive 
index. 

[0003] The transverse extension of a cavity of a VC- 
SEL, in general, is considerably larger than the longitu- 
dinal extension of the cavity, and hence, the laser beam 
emerging from a VCSEL usually comprises a plurality 
of transverse radiation modes. As a result, the output 
beam comprises a lower spectral purity and shows a de- 
terioration of its beam profile. A variety of approaches 
is known in the art in order to provide VCSEL devices 
having a single mode radiation output. 
[0004] For example, in IEEE PHOTONICS TECH- 
NOLOGY LETTERS, VOL. 9, NO: 10, OCTOBER 1997, 
pp 1304 - 1306, a VCSEL is disclosed comprising one 



or more oxide layers formed by selective oxidation with- 
in the Bragg mirror. This oxide layer serves as current 
aperture as well as an optical aperture restricting the 
optical cavity in the transverse directions. By means of 

5 this oxidation layer, the lowest order transverse radia- 
tion mode may be selected. However, for incorporating 
the oxide layer in the Bragg-mirror, an additional manu- 
facturing process step is required, resulting in increased 
cost and lower production yield. Moreover, due to the 

10 limited lifetime of laser devices having selectively oxi- 
dised layers, such laser devices are merely used in the 
fields of research and development, but not for industrial 
applications. 

[0005] In APPLIED PHYSICAL LETTERS, VOL. 72, 
15 NO. 26, JUNE 1998, pp. 3425 - 3427, a VCSEL device 
is disclosed having a surface which is treated by means 
of etching procedures in order to generate a fine struc- 
ture on top of the surface. This additional structure is 
formed so as to increase the optical losses of the radi- 
20 ation having transverse radiation modes of higher order, 
thereby providing selectivity and preferred amplification 
of the lowest order transverse mode. Again, these de- 
vices require an additional procedural step in manufac- 
turing the device and this additional step of generating 
25 said etched structure demands high accuracy and con- 
trol in both the transverse position and the depth of the 
structure. 

[0006] In IEEE PHOTONICS TECHNOLOGY LET- 
TERS, VOL. 6, NO. 3, FEBRUARY 1994, pp. 323 - 325, 

30 a VCSEL is described comprising a loss guided or "anti- 
guided" structure having in the area of the distributed 
Bragg reflector (DBR) aside of a Mesa structure a higher 
refractive index than in the DBR area below the Mesa. 
Thereby, increased optical losses of the radiation with 

35 higher order of the transverse radiation mode are 
achieved. The manufacturing of the anti-guided struc- 
ture, however, requires a second epitaxial growth step 
resulting in a considerably increased production time 
and higher costs of such laser devices. 

40 [0007] The VCSEL devices currently used in industri- 
al applications comprise an ion-implanted region sur- 
rounding the laser active region of the VCSEL device, 
thereby restricting said laser active region. Due to ion- 
scattering in the crystalline material, the distribution of 

45 the implanted ions is difficult to control, resulting in a 
rather diffuse implantation region. Accordingly, the 
transverse extension of the laser active region is defined 
at low precision. As a further consequence, since small 
transverse dimensions of the laser active region which 

50 are necessary for a single mode laser operation are not 
easily achievable, additional measures for the trans- 
verse confinement of the laser beam have to be taken 
while manufacturing the above-mentioned VCSEL de- 
vices, thereby causing increased production cost. 

55 [0008] It is therefore an object of the present invention 
to provide a semiconductor laser device as described in 
the preamble of claim 1 having an improved mode se- 
lectivity avoiding any of the afore-mentioned disadvan- 
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tages of the prior art, and a method for fabricating the 
same. 

[0009] In a first aspect, the above-mentioned object 
is solved by a semiconductor laser device according to 
the present invention, comprising a first and a second 
reflecting region, said first reflecting region being com- 
prising a Bragg mirror with alternating parallel layers 
having different refractive index, respectively, said first 
and second reflecting regions being adjacent to a laser 
active semiconductor region for emitting radiation of a 
predetermined wavelength and defining a longitudinal 
laser cavity; exciting means for exciting said laser active 
semiconductor region causing emission of radiation, 
wherein said first reflecting region further comprises a 
contact layer on top thereof, and one additional layer on 
top of said contact layer covering only a portion of said 
contact layer, wherein an arrangement of said alternat- 
ing layers forming said Bragg mirror, an optical thick- 
ness of said contact layer, and a reflectivity and an ab- 
sorption of said additional layer is selected so as to re- 
duce reflectivity of said reflecting region in said portion 
of said contact layer covered by said additional layer, 
resulting in a smaller reflectivity compared to a portion 
of said contact layer, which is not covered by said addi- 
tional layer. 

[001 0] In a second aspect, a method for fabrication of 
a semiconductor laser device is provided, wherein the 
semiconductor device comprises at least one Bragg mir- 
ror for forming an optical laser cavity, said method com- 
prising the steps of: forming a stack of layers alternat- 
ingly having a different index of refraction for forming 
said Bragg mirror on top of a laser active semiconductor 
region; forming a contact layer on top of said layers of 
said Bragg mirror; and forming a metallization layer on 
top of said contact layer, said metallization layer con- 
sisting of at least one layer of metal having a defined 
thickness, wherein said metallization layer is formed so 
as to cover only a portion of said contact layer and a 
portion not covered by said metallization layer forms a 
radiation emission window; said method further includ- 
ing a calculation step for determining a required optical 
thickness of said contact layer and/or an optical thick- 
ness of said metallization layer required to achieve a dif- 
ference in reflectivity of said Bragg mirror in a region 
where said metallization layer covers a portion of said 
contact layer compared to a region where said metalli- 
zation layer does not cover said contact layer. 
[0011 ] Regarding the first aspect of the present inven- 
tion, in the semiconductor laser device of the present 
invention, a portion of the reflecting region where the 
higher transverse radiation modes would be reflected, 
is covered by the additional layer with high optical den- 
sity thereof, and an underlying contact layer sandwiched 
between the Bragg mirror and the additional layer is pro- 
vided, whose thickness is optimised to minimise the re- 
flectance of said portion covered by the contact layer 
and the additional layer for a predetermined wave- 
length, while the reflectance of the remaining area of the 



reflecting region not covered by the additional layer re- 
mains substantially not affected by the contact layer. Ad- 
vantageously, the required accuracy of the thickness of 
the contact layer is considerably lower than the required 

5 accuracy of the layers forming the Bragg reflector, and, 
hence, the industrial production of semiconductor laser 
devices having the aforementioned contact layer with 
optimised thickness is uncritical. 
[001 2] Preferably, the thickness of the contact layer is 

10 selected such that a difference in reflectivities of the re- 
flecting region not being covered by the additional layer 
and the reflecting region covered by the additional layer, 
respectively, is maximised. 

[0013] It should be noted in this context that the term 
15 "minimum reflectivity" used in claims 2 and 4 not only 
includes the exact minimum reflectivity which can be ob- 
tained with a specific arrangement of the Bragg mirror, 
the additional layer and the contact layer, but also in- 
cludes larger reflectivities leading to a difference in re- 
20 f lectivities of more than 75% of the maximum difference 
in reflectivities that is achieved with the exact minimum 
reflectivity. For such larger reflectivities the advantage 
of the present invention can still be attained. In other 
words, slight deviations in the reduced reflectivity are 
25 still satisfactory to achieve the desired effect, and, there- 
fore, should be considered as included in the said 
claims. 

[0014] Advantageously, the semiconductor laser de- 
vice according to the present invention is formed such 
30 that said portion not covered by said additional layer 
serves as a radiation emission window for said radiation. 
In this way, the edges of the additional layer are used 
as an optical aperture. 

[0015] In a preferred embodiment of the present in- 
35 vention, the extension and position of said radiation 
emission window are adapted to substantially select a 
predetermined single transverse radiation mode of said 
radiation. 

[0016] In a preferred embodiment the additional layer 
40 comprises material suitable for providing contact metal- 
lization of the VCSEL device such as a metal or other 
electrical conductive material. Thus, an element of the 
device necessary for its operation is simultaneously 
used for mode selection. Preferably the additional layer 
45 is a compound metal comprising Ti, Pt, and Au. 

[0017] Preferably, the aforementioned additional lay- 
er comprising a metal serves as electrode. Thus, since 
the step of forming electrodes has to be performed at 
any rate, the semiconductor laser device according to 
so the present invention comprising means for selecting a 
single mode radiation can be manufactured without an 
additional step compared to the prior art semiconductor 
laser devices. 

[0018] Preferably, the predetermined single trans- 
55 verse radiation mode is the lowest order transverse ra- 
diation mode. 

[0019] In a preferred embodiment of the present in- 
vention, the number of pairs of said alternating layers 
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having different refractive index forming said first reflect- 
ing region is selected so as to obtain the minimal abso- 
lute reflectivity required to exceed the laser threshold. 
By this measure, a maximum difference of reflectivity of 
the aforementioned regions and the effective reduction 5 
of undesired transverse radiation modes is increased. 
Moreover, a lower number of alternating layers involves 
a lower number of manufacturing steps, resulting in low- 
er cost and higher yield. 

[0020] In a preferred embodiment of the present in- 10 
vention, the semiconductor laser device is a vertical cav- 
ity surface emitting laser. 

[0021] Further preferred embodiments are defined in 
the dependent claims. 

[0022] Regarding the second aspect of the present in- 15 
vention, an advantage of the method described therein 
is that it can be carried out without adding an additional 
procedural step while manufacturing the semiconductor 
laser device, thereby decreasing production cost and in- 
creasing production yield. Moreover, the method of the 20 
present invention may be applied in combination with all 
known methods for forming a semiconductor laser being 
capable to emit a single mode radiation. 
[0023] In the following, the present invention shall be 
explained in more detail with reference to the drawings 25 
wherein: 

figure 1 is a schematic cross-sectional view of the 
present invention; 

30 

figure 2 is a graph showing the reflectivities of a 
Bragg mirror covered with a contact layer alone 
(solid line) and additionally with a metal layer (bro- 
ken line) with respect to the thickness of the contact 
layer; 35 

figure 3 is a graph showing the difference of reflec- 
tivities of a Bragg mirror covered with the contact 
layer and with or without the metal layer relative to 
the number of pairs of Bragg layers; and 40 

figure 4 is a graph showing the reflectivity of a Bragg 
mirror with respect to the number of pairs of alter- 
nating layers. 

45 

[0024] Figure 1 shows a cross-section of an example 
of a semiconductor laser device according to the 
present invention. The semiconductor laser device 
shown in figure 1 represents a VCSEL device which is 
formed by a specific stack of layers, wherein the layers so 
differ from each other by the index of refraction and their 
energy band gap, respectively. The VCSEL device com- 
prises an active layer 1 where substantially the whole 
laser radiation is created. For establishing an optical 
resonator system, a stack of alternating layers is provid- 55 
ed wherein subsequent layers have different indices of 
refraction, respectively, thereby forming a Bragg reflec- 
tor 3. Accordingly, a second stack of alternating layers 



below the active layer 1 is provided forming a Bragg re- 
flector 5. The two Bragg reflectors 3 and 5 form a reso- 
nator or optical cavity 12 of the VCSEL. 
[0025] A contact layer 2 is provided on top of Bragg 
reflector 3. The top surface of contact layer 2 is partly 
covered by an additional layer 4 which comprises a met- 
al. The portion of the top layer of contact layer 2 which 
is not covered by a metal layer 4 forms a radiation emis- 
sion window 6. The whole structure of layers is arranged 
on top of a substrate layer 7. The lower surface of sub- 
strate layer 7 is covered by metal layer 9. 
[0026] A curve 1 0 schematically represents the trans- 
verse intensity distribution of a lowest order mode radi- 
ation within optical cavity 12. Curve 8 represents the 
transverse intensity distribution of a higher order mode 
radiation. 

[0027] In operation, an electric current is supplied to 
optical cavity 12 via metal layers 4 and 9, respectively, 
which causes emission of light within active layer 1 . Due 
to the small longitudinal extension of active layer 1 , the 
Bragg mirrors have to have a large reflectivity in order 
to sufficiently accumulate the radiation emitted in active 
layer 1 in the cavity to exceed the threshold necessary 
for stimulated emission. Accordingly, Bragg reflectors 3 
and 5 typically have a high reflectivity of 99% and more. 
[0028] Figure 4 shows the reflectivity of a Bragg mirror 
versus the number of pairs of layers having alternately 
a large and a small refractive index. The optical thick- 
nesses of these layers are quarter-wavelengths of the 
desired laser radiation. It can be seen from figure 4 that 
in this embodiment of the present invention a minimum 
number of about 22 pairs of layers is necessary to obtain 
the required reflectivity of 99%. In the matrix calculation 
method used for computing the values of figure 4 alter- 
nating layers of AlAs and Al 0 38 Gao 62 As are assumed, 
wherein the thickness of the AlAs layers is 63 nm, the 
thickness of the Al 0 38 Ga 0 62 As layers is 56 nm, respec- 
tively corresponding to an optical thickness of 190 nm, 
which is a quarter of the used wavelength of 760 nm. It 
should be noted that a different material composition of 
the alternating layers not only results in a different thick- 
ness due to a different index of refraction, but also af- 
fects the number of pairs of layers required for a desired 
value of reflectivity, since the reflectivity of one boundary 
surface depends on the magnitude of the difference of 
the indices of refraction of the involved layers. 
[0029] It is to be noted that the reflective property of 
the Bragg reflector is not exclusively determined by the 
alternating layers having a different index of refraction, 
but also depends on the transition to the layer subse- 
quent to the Bragg reflector. The reflectivity of Bragg re- 
flector 3 is influenced by the optical properties of contact 
layer 2 shown in figure 1 . For example, if the contact 
layer 2 is made of GaAs, the reflectivity at the boundary 
surface of semiconductor and air is about 30%. In the 
embodiment of the present invention shown in figure 1, 
additional layer 4 is a compound of Ti, Pt and Au. Similar 
to the case of the GaAs-air transition, the reflectivity on 
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the boundary surface between contact layer 2 and ad- 
ditional layer 4 is about 30%, however, the phases of 
the reflected beams differ from each other. The phase 
change of a beam reflected on the transition of two dif- 
ferent materials depends on the index of refraction and 5 
the absorption coefficients of the materials. For a typical 
metal layer consisting of layers of Ti, Pt, and Au the in- 
dices of refraction are 2.74, 2.76, and 0.08, and the ex- 
tinctioncoefficients are 3.30, 4.84, and 4.56, respective^ 
ly, for a wavelength of 760 nm. From these data the dif- io 
ference in phase of the beams reflected on the transition 
contact layer- metal layer and contact layer-air can be 
calculated by means of a matrix calculation, which takes 
into account the multiple reflections at the various tran- 
sitions between different materials. The thicknesses of 15 
the layers of Ti, Pt, and Au used for the calculations the 
results of which are presented in figures 2, 3, and 4, are 
10 nm, 10 nm, and 70 nm, respectively. The wavelength 
of the emitted radiation is 760 nm. In this example, the 
phase difference is 0.6 x n. It should be emphasised 20 
that, as mentioned above, the degree of phase change 
depends on the type of material, i.e. the index of refrac- 
tion, and the thickness of contact layer 2 as well as on 
the type(s) of material, i.e. the index of refraction and 
the absorption coefficient, of the layer(s) forming addi- 25 
tional layer 4. As a consequence, the reflectance of 
Bragg reflector 3 differs for the transitions semiconduc- 
tor-air and semiconductor-metal, respectively, depend- 
ing on the phase adaptation to the reflection of the Bragg 
reflector. A varying optical thickness of contact layer 2, 30 
and/or a varying thickness and a different material of the 
layers forming additional layer 4 result in a varying re- 
flectivity of Bragg reflector 3 depending on whether the 
beams reflected on the pair of layers formed by the con- 
tact layer and the metal layer interfere constructively or 35 
destructively. For a given additional layer 4 and a prop- 
erly chosen optical thickness of contact layer 2, or for a 
given optical thickness of contact layer 2 and properly 
chosen thicknesses and material composition of the lay- 
ers forming additional layer 4, the reflectivity in the whole 40 
region below additional layer 4 and the region below ra- 
diation emission window 6 may considerably differ from 
each other due to the different contributions to the total 
amount of reflectivity of Bragg mirror 3 of these final re- 
flections on the transitions from the contact layer to the «5 
metal layer and from the contact layer to air, respective- 
ly. 

[0030] Figure 2 shows a calculated reflectivity of a 
Bragg reflector (24 AIGaAs-AIAs pairs of mirrors for a 
wavelength of 760 nanometers) with and without an ad- 50 
ditional layer 4 consisting of Ti, Pt and Au in respect to 
the thickness of contact layer 2, consisting of GaAs. The 
solid line in figure 2 represents the reflectivity without 
additional layer 4, i.e. the reflectivity of Bragg reflector 
3 within the region of radiation emission window 6. The 55 
dashed line in figure 2 represents the reflectivity of 
Bragg reflector 3 in the region under additional layer 4. 
The calculation of the reflectivity is based on the condi- 



tions as described in the foregoing paragraph. 
[0031] As can be seen from these two curves, there 
is a significant difference between the two reflectivities 
within a small range of the thickness of contact layer 2. 
The maximum value of the difference between the re- 
flectivities is indicated as AR max in figure 2. The value 
of AR max in turn depends on the number of pairs of al- 
ternating layers of Bragg reflector 3, since the contribu- 
tion of the final reflection of the metal-semiconductor 
and air-semiconductor boundary surface, respectively, 
to the total amount of reflectivity of Bragg reflector 3 in- 
creases as the number of pairs of alternating layers de- 
creases. In view of the above mentioned required abso- 
lute amount of reflectivity, however, in this embodiment 
the number of pairs of alternating layers cannot remain 
below 22 pairs. If a number of pairs of layers less than 
22 or for a given number of pairs of layers a higher re- 
flectivity is desired, additional dielectric mirror layers on 
top of Bragg reflector 3 may be provided, thereby in- 
creasing the reflectivity in the region of the radiation win- 
dow, wherein the reflectivity in the region below addi- 
tional layer 4 remains unaffected. 
[0032] The dependence of the value of AR max with re- 
spect to the number of pairs of alternating layers of 
Bragg reflector 3 is shown in figure 3. Thus, by selecting 
a thickness of contact layer 2 according to figure 2 and 
the lowest possible number of pairs of alternating layers 
of Bragg reflector 3, the mode selection by transversely 
structuring the reflectivity within optical cavity 12 is most 
efficient. With a given thickness of contact layer 2, in 
turn, the thicknesses and material composition of the 
layers forming additional layer 4 may be selected so as 
to obtain the above-mentioned result of a transversely 
structured optical cavity 12. 

[0033] In a VCSEL device, a plurality of transverse ra- 
diation modes emerges due to the relatively large trans- 
versal extension of the cavity. Curve 8 of figure 1 shows 
the intensity distribution of a higher order mode radia- 
tion. As can be seen from this illustration, the high order 
modes have a relatively large intensity in off-centre re- 
gions of the cavity, whereas the lowest order mode ra- 
diation has its maximum at the centre of the optical cav- 
ity. The effective reflected intensity (effective reflection) 
of a certain mode of radiation is a function of the trans- 
verse position within optical cavity 12 and is determined 
by the reflectivity of Bragg mirror 3 at said transverse 
position. Accordingly, a varying reflectivity along the 
transverse direction results in different intensities of re- 
flected radiation of different transverse radiation modes 
at a considered transverse position. A high intensity of 
reflected radiation for a certain radiation mode summed 
up over all transverse positions implies a low threshold 
for obtaining stimulated emission for the corresponding 
radiation mode. 

[0034] In the embodiment of the present invention of 
figure 1 , the thickness of contact layer 2 is selected as 
80 nanometers, resulting in a high reflectivity in the re- 
gion of radiation emission window 6 and a reduced re- 
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flectivity in the region of additional layer 4 for a wave- 
length of the laser radiation of 760 nanometers. The 
width of radiation emission window 6 is selected so as 
to merely slightly affect the effective reflection of the low- 
est order radiation mode, but to considerably reduce the 
effective reflection for the higher order radiation mode. 
In general, depending on the wavelength of the laser 
radiation, the transverse distribution of the laser radia- 
tion in the optical cavity and the exact VCSEL structure, 
the width of a radiation emission window may vary from 
a few micrometers up to several tenths of micrometer. 
If the width of the radiation emission window is selected 
so as to substantially match the transverse distribution 
of the lowest order mode radiation, the laser thresholds 
of the transverse radiation modes of higher order are 
accordingly increased, whereas the lowest order radia- 
tion mode remains substantially unaffected. As a result, 
the transverse radiation modes are strongly sup- 
pressed, and the lowest order radiation mode in the VC- 
SEL is stabilised. 

[0035] It is to be noted that contact layer 2 may consist 
of a plurality of different layers, wherein the optical thick- 
nesses of the different layers are optimised so as to 
maximise the difference of the reflectivities. 
[0036] Moreover, additional layer 4 may be composed 
of one or several layers not necessarily containing a 
metal, but properly adjusted to achieve the required 
phase change. In case of layers of low electrical con- 
ductivity, additional electrodes have to be provided. 
[0037] A further possibility is that additional layer 4 
consists of a dielectric matrial, possibly the same basic 
material as that of contact layer 4, whose optical prop- 
erties are changed, for instance by ion implantation. 
Preferably, the implantation could be performed such 
that a high dopant concentration and a high electrical 
conductivity are attained so that additional layer 4 may 
serve as a substitute for the metallization layer providing 
electrical contact to the laser active layer. 
[0038] A further advantage of the present invention is 
that it may be applied to all types of VCSEL devices, 
such as devices having a Mesa structure or structures 
with planar and ion-implanted regions, respectively 
without adding a further cost and time consuming man- 
ufacturing step. 

[0039] In the following, the method according to the 
present invention for fabrication of a semiconductor la- 
ser device comprising a Bragg mirror is described. 
[0040] On a semiconductor substrate, such as GaAs, 
epitaxial layers are grown for example by molecular- 
beam epitaxy (MBE). Alternating layers having a differ- 
ent index of refraction, respectively, are formed with an 
optical thickness of a quarter-wavelength of a desired 
laser beam wavelength. The layers may altematingly 
consist of AlGaAs and AlAs and form a bottom Bragg 
mirror. The number of pairs of alternating layers de- 
pends on the indices of refraction of the layers and has 
to be selected so as to obtain the required reflectivity of 
the Bragg mirror. Subsequent to the bottom mirror the 



active region of the semiconductor laser device is 
formed by growing a few quantum-well-layers, which for 
example may be composed of InGaAs or AlGaAs. On 
top of the active region a further Bragg mirror is formed. 

5 Subsequently, a contact layer is formed and on top 
thereof a metallization layer, which may comprise sev- 
eral layers of metal, is deposited. A portion of the met- 
allization layer is removed for instance by etching for 
forming a radiation emission window. The thickness of 

10 the contact layer and the thicknesses of the layers of 
metal forming the metallization layer are first computed 
by a matrix calculation method. The variables entered 
into this method are the indices of refraction and the ab- 
sorption coefficients of the layers of the top Bragg mirror, 

15 index of refraction and absorption coefficient of the con- 
tact layer, indices of refraction and absorption coeffi- 
cients of the layers of metal, and the wavelength of the 
laser radiation. From this calculation the absolute reflec- 
tivity of the top Bragg mirror and the phase difference of 

20 the reflection in the area of the radiation emission win- 
dow and the transition between the contact layer and 
the metallization layer can be predicted. Accordingly, 
the difference of the total reflectivity of the top Bragg mir- 
ror in these two areas can be calculated. According to 

25 a desired difference in reflectivity, the corresponding 
thicknesses of the contact layer and the layers of metal 
are determined. The growth of said layers is then con- 
trolled so as to coincide with the calculated values. It 
should be noted that for a given thickness and a given 

30 index of refraction of the contact layer the metallization 
layer can be adjusted so as to obtain the required re- 
flectivity difference, and vice versa. Moreover, it is pos- 
sible to form the contact layer by growing a plurality of 
layers having a different index of refraction. Advanta- 

35 geously, the method of the present invention may be 
combined with any method of fabricating a semiconduc- 
tor laser device known in the art, wherein no additional 
procedural step while manufacturing the device is re- 
quired. 

40 

Claims 



1 . A semiconductor laser device comprising: 

45 

a first and a second reflecting region, said first 
reflecting region comprising a Bragg mirror (3) 
with alternating parallel layers having a differ- 
ent refractive index, respectively, said first and 
so second reflecting regions being adjacent to a 

laser active semiconductor region (1) for emit- 
ting radiation of a predetermined wavelength 
and defining a longitudinal laser cavity (12); 
and 

55 exciting means for exciting said longitudinal la- 

ser active region (1 ) to cause emission of radi- 
ation; 
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characterised in that 

said first reflecting region further comprises a con- 
tact layer (2) on top thereof, and one additional layer 
(4) on top of said contact layer (2) covering only a 
portion of said contact layer (2), wherein an ar- 
rangement of said alternating layers forming said 
Bragg mirror (3), an optical thickness of said contact 
layer (2), and a reflectivity and an absorption of said 
additional layer (4) is selected so as to reduce re- 
flectivity of said reflecting region in said portion of 
said contact layer (2) covered by said additional lay- 
er (4) resulting in a smaller reflectivity compared to 
a portion of said contact layer which is not covered 
by said additional layer. 

2. A semiconductor laser device according to claim 1 
characterised in that 

said optical thickness of said contact layer (2) is so 
as to result in a minimum reflectivity of said portion 
of said first reflecting region covered by said addi- 
tional layer (4). 

3. A semiconductor laser device according to claims 
1 or 2, wherein said additional layer (4) comprises 
more than one layer, each of said layers consisting 
of a material having a defined index of refraction, a 
defined absorption coefficient and a defined thick- 
ness. 

4. A semiconductor laser device according to any of 
claims 1 to 3 

characterised in that 

said additional layer (4) is formed so as to result in 
a minimum reflectivity of said portion of said first re- 
flecting region covered by said additional layer (4). 

5. A semiconductor laser device according to any of 
claims 1 to 4, wherein said portion not covered by 
said additional layer (4) forms a radiation emission 
window (6) for said radiation. 

6. A semiconductor laser device according to claim 5, 
wherein said radiation emission window (6) is ar- 
ranged to select substantially a single predeter- 
mined transverse radiation mode of said radiation. 

7. A semiconductor laser device according to any of 
claims 1 to 6, wherein the absolute reflectivity of 
said Bragg mirror (3) in conjunction with said con- 
tact layer (2) is selected so as to obtain the minimum 
reflectivity required to generate stimulated emis- 
sion. 

8. A semiconductor laser device according to any of 
claims 1 to 7, wherein said additional layer (4) com- 
prises at least one metal layer. 

9. A semiconductor laser device according to any of 



claims 1 to 8, wherein said additional layer (4) com- 
prises a doped dielectric layer. 

10. A semiconductor laser device according to any of 
5 claims 1 to 9, wherein an additional dielectric mirror 

is provided on top of said first reflecting region. 

11. A semiconductor laser device according to any of 
claims 1 to 10, wherein said semiconductor laser 

10 device is a vertical cavity surface emitting laser. 

12. A method for fabrication of a semiconductor laser 
device comprising at least one Bragg mirror (3) for 
forming an optical laser cavity (12), said method 

15 comprising the steps of: 

forming a stack of layers altematingly having a 
different index of refraction for forming said 
Bragg mirror (3) on top of a laser active semi- 
20 conductor region (1); 

forming a contact layer (2) on top of said layers 
of said Bragg mirror (3); and 
forming a metallization layer (4) on top of said 
contact layer (2), said metallization layer con- 
25 sisting of at least one layer of metal having a 

defined thickness, wherein said metallization 
layer (4) is formed so as to cover only a portion 
of said contact layer and a portion not covered 
by said metallization layer (4) forms a radiation 
30 emission window (6); 

said method further including a calculation step 
for determining a required optical thickness of 
said contact layer (2) and/or an optical thick- 
ness of said metallization layer (4) required to 
35 achieve a difference in reflectivity of said Bragg 

mirror (3) in a region where said metallization 
layer (4) covers a portion of said contact layer 
(2) compared to a region where said metalliza- 
tion layer does not cover said contact layer. 

40 

13. A method according to claim 12, wherein in the cal- 
culation step the thickness value of said contact lay- 
er (2) is a predetermined value to be input in said 
calculation. 

45 

14. A method according to claim 12, wherein in the cal- 
culation step the thickness value of said at least one 
layer of metal is a predetermined value to be input 
in said calculation. 

so 

15. A method according to claim 12, wherein in the cal- 
culation step the absolute reflectivity of said Bragg 
mirror (3) in conjunction with said contact layer (2) 
is determined so as to obtain the minimum reflec- 

55 tivity required to generate stimulated emission, and 
the contact layer (2) and the metallization layer (4) 
are formed so as to correspond to the variables 
used in said calculation step. 



25 



30 



35 



40 



45 



50 



7 



EP 1 035 621 A1 



zzzz2z^^^zzzzzzzsz2Zk ^ 'Eizzzzzzz zbzzzzzzszm 




Figure 1 



8 



EP 1 035 621 A1 



0.20 



c 

55 

0> 



£ 0.15 - 



o 



2 0.10 - 



a> 
o 
c 

£ 

•mm 

■a 

• 

X 
CO 

E 



0.05 - 



0.00 




16 



18 20 22 24 26 28 

number of pairs of alternating layers 



Figure 2 



9 



EP 1 035 621 A1 



1.00 



0.99 - 



0.98 - 



O) 
O) 

2 

CO 

3? 



= 0.97 - 



<D 



% 0.96 -. 



x 
to 

E 



0.95 




16 18 20 22 24 26 28 

number of pairs of alternating layers 



Figure 3 



10 



EP 1 035 621 A1 



1.00 



O 0.99 




0.96 - 

*3> 



0.95 



with metal layer 
without metal layer 



20 40 60 80 100 120 

thickness of contact layer [nm] 



140 



Figure 4 



11 



EP 1 035 621 A1 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 99 10 1756 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with Indication, where appropriate, 
of relevant pa ss ages 



Relevant 
to claim 



CLASSIFICATION OF THE 
APPLICATION (lrttCl.6) 



PATENT ABSTRACTS OF JAPAN 

vol. 095, no. 010, 30 November 1995 

& JP 07 193325 A (HITACHI LTD; OTHERS: 

01), 26 July 1995 

*. abstract * 

TAN6 X ET AL: "OBSERVATION OF BISTABILITY 
IN GAAS QUANTUM-WELL VERTICAL-CAVITY 
SURFACE-EMITTING LASERS* 
IEEE JOURNAL OF QUANTUM ELECTRONICS, 
vol. 33, no. 6, 1 June 1997, pages 
927-932, XP000700952 

* page 931, left hand column, last 
paragraph * 

* figure 1 * 

US 5 258 316 A (ACKLEY DONALD E ET AL) 
2 November 1993 

* column 3, line 49 - column 4, line 26; 
figures 1,2 * 

WILK J ET AL: "DBR MIRROR PROPERTIES IN 
REAL OPERATING CONDITIONS OF GAIN-GUIDED 
VERTICAL-CAVITY SURFACE-EMITTING LASERS" 
INTERNATIONAL JOURNAL OF OPTOELECTRONICS 
(INCL. OPTICAL COMPUTING & PROCESSING), 
vol. 11, no. 5, 1 September 1997, pages 
333-337, XP000750828 

* chapter 2 * 

* figure 1 * 



1,12 



1,12 



H01S3/085 



1,12 



1,12 



TECHNICAL FIELDS 
SEARCHED (IntCUB) 



H01S 



US 5 245 622 A (JEWELL JACK L 

14 September 1993 

* the whole document * 



ET AL) 



1,12 



The present search report has been drawn up tor all claims 



MUNICH 



Dale of oomptalion of th* seejcti 

9 June 1999 



Examine-- 

Gnugesser, H 



CATEGORY OF CITED DOCUMENTS 

X : particularly relevant It taker, alone 

Y : particularly relevant II oorrbineo with another 

document of the same category 
A : technological background 
O : non-written disclosure 
P : Intermediate document 



T : theory or principle under-tying the Invention 
E : earlier patent document, but published on, or 

after the filing date 
O : document cited in the application 
L : document died lor other reasons 

4 : member of the same patent family, corresponding 
document 



12 



EP 1 035 621 A1 



ANNEX TO THE EUROPEAN SEARCH REPORT 

ON EUROPEAN PATENT APPLICATION NO. EP 99 10 1756 



This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report. 
The members are as contained In the European Patent Office EDP file on 

The European Patent Office is In no way liable for these particulars which are merely given for the purpose of Information. 

09-06-1999 



Patent document 




Publication 




Patent family 


Publication 


cited In search report 




date 




members) 


date 


US 5258316 


A 


02-11-1993 


JP 


6045695 A 


18-02-1994 


US 5245622 


A 


14-09-1993 


AU 


4236993 A 


29-11-1993 








CA 


2135182 A 


11-11-1993 








CN 


1081541 A 


02-02-1994 








DE 


69323433 D 


18-03-1999 








EP 


0663112 A 


19-07-1995 








EP 


0898347 A 


24-02-1999 








OP 


7507183 T 


03-08-1995 








WO 


9322813 A 


11-11-1993 



For more details about this annex : see Official Journal of the European Patent Office, No. 12/82 



13 



